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PULMONARY ADMINISTRATION OF sCR1 AND OTHER COMPLEMENT 

INHIBITORY PROTEINS 



This application is a continuation-in-part of 
co-pending United States Application Serial No. 
08/016,918, filed 12 February 1993 (12*02.93). The 
present invention was made, in part, with funds from NIH 
10 grant contract no. S07RR05869, and the Government has 

certain rights in the invention. 



1. FIELD OF THE INVENTION 

The present invention relates to formulations 
for pulmonary administration by inhalation that comprise 
a complement inhibitory protein and uses thereof in the 
prophylactic or therapeutic treatment of disease or 
disorders involving complement, especially of the lung. 
In particular, the proteins are complement receptors or 
fragments thereof or soluble members of the complement 
receptor family that contain the conserved SCR motif and 
that are able to inhibit complement activity. More 
particularly the present invention relates to the direct 
treatment of certain complement related lung disorders by 
administering complement receptor proteins via the 
pulmonary route, in particular, direct delivery to the 
lungs of a complement receptor protein by aerosol izat ion 
and subsequent inhalation. The invention also relates to 
use of a complement inhibitory protein to treat 
bronchoconstriction or anaphylaxis, or both. 

2. BACKGROUND OF THE INVENTION 
2.1. THE COMPLEMENT SYSTEM 
The complement system is a group of proteins 
that constitute about 10 percent of the globulins in the 
normal serum of humans (Hood, L.E., et al., 1984, 
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Immunology, 2d Ed., The Benjamin/ Cummings Publishing Co., 
Menlo Park, California, p. 339) . Complement (C) plays an 
important role in the mediation of immune and allergic 
reactions (Rapp, H.J. and Borsos, T, 1970, Molecular 
5 Basis of Complement Action, Appleton-Century-Crofts 
(Meredity) , New York) . The activation of complement 
components leads to the generation of a group of factors, 
including chemo tactic peptides that mediate the 
inflammation associated with complement dependent 

10 diseases. The sequential activation of the complement 

cascade may occur via the classical pathway involving 
antigen-antibody complexes, or by an alternative pathway 
which involves the recognition of certain cell wall 
polysaccharides. The activities mediated by activated 

15 complement proteins include lysis of target cells, 

chemotaxis, opsonization, stimulation of vascular and 
other smooth muscle cells, and functional aberrations 
such as degranulation of mast cells, increased 
permeability of small blood vessels, directed migration 

20 of leukocytes, and activation of B lymphocytes and 

macrophages (Eisen, H.N., 1974, Immunology, Harper & Row 
Publishers, Inc. Hagerstown, Maryland, p. 512). 

During proteolytic cascade steps, biologically 
active peptide fragments, the anaphylatoxins C3a, C4a, 

25 and C5a (See WHO Scientific Group, 1977, WHO Tech, Rep. 

Ser. 606:5 and references cited therein), are released 
from the third (C3) , fourth (C4) , and fifth (C5) native 
complement components (Hugli, T.E., 1981, CRC Crit. Rev. 
Immunol. 1:321; Bult, H. and Herman, A.G., 1983, Agents 

30 Actions 13:405). 

2.2. COMPLEMENT RECEPTORS 
COMPLEMENT RECEPTOR 1 (CR1) . The human C3b/C4b 
receptor, termed CR1 or CD35, is present on erythrocytes, 
35 monocytes /macrophages, granulocytes, B cells, some T 
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cells, splenic follicular dendritic cells, arid glomerular 
podocytes (Fearon D.T., 1980, J. Exp. Med. 152:20, 
Wilson, J.G., et al., 1983, J. Immunol. 131:684; Reynes, 
M. , et al., 1976 N. Engl. J. Med. 295:10; Kazatchxine, 
5 M.D., et al. , 1982, Clin. Immunol. Immunopathol . 27:210). 
CRl specifically binds C3b, C4b and iC3b. 

CRl can inhibit the classical and alternative 
pathway C3/C5 convertases and act as a cof actor for the 
cleavage of C3b and C4b by factor I, indicating that CRl 

10 also has complement regulatory functions in addition to 

serving as a receptor (Fearon, D.T. , 1979, Proc. Natl. 
Acad. Sci. U.S.A. 76:5867; Iida, K.I. and Nussenzweig, 
V., 1981, J. Exp. Med. 153:1138). In the alternative 
pathway of complement activation, the bimolecular complex 

15 C3b,Bb is a C3 enzyme (convertase) . CRl (and factor H, 

at higher concentrations) can bind to C3b and can also 
promote the dissociation of C3b,Bb. Furthermore, 
formation of C3b,CRl (and C3b,H) renders C3b susceptible 
to irreversible proteolytic inactivation by factor I, 

20 resulting in the formation of inactivated C3b (iC3b) . In 

the classical pathway of complement activation, the 
complex C4b,2a is the C3 convertase. 

CRl (and C4 binding protein, C4bp, at higher 
concentrations) can bind to C4b, and can also promote the 

25 dissociation of C4b,2a. The binding renders C4b 

susceptible to irreversible proteolytic inactivation by 
factor I through cleavage to C4c and C4d (inactivated 
complement proteins) . 

CRl has been shown to have homology to 

30 complement receptor type 2 (CR2) (Weis, J.J. , et al. f 

1986, Proc. Natl. Acad. Sci. U.S.A. 83:5639-5643). CRl 
is a glycoprotein comprising multiple short consensus 
repeats (SCRs) arranged in 4 long homologous repeats 
(LHRs) . The most C-terminal LHR called LHR-D is followed 

35 by 2 additional SCRs, a transmembrane region and a 
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cytoplasmic region (Klickstein, et al., 1987, J. Exp. 
Med., 165:1095; Klickstein, et al. 1988, J. Exp. Med., 
168:1699-1717). Erythrocyte CR1 appears to be involved 
in the removal of circulating immune complexes in 
autoimmune patients and its levels may correlate with the 
development of AIDS (Inada, et al., 1986, AIDS Res. 
2:235; inada, et al., 1989, Ann. Rheu. Dis. 4:287). 

Pour allotypic forms of CRl have been found, 
differing by increments of 40,000-50,000 daltons 
molecular weight. The two most common forms, the F and s 
allotypes, also termed the A and B allotypes, have 
molecular weights of 250,000 and 290,000 daltons (Dykman, 
T.R., et al., 1983, Proc. Natl. Acad. Sci. U.S.A. 
80:1698; Wong, w.W., et al., 1983, J. Clin. Invest. 
72:685), respectively, and two rarer forms have molecular 
weights of 210,000 and 290,000 daltons (Dykman, T.R. , et 
al., 1984, J. Exp. Med. 159:691; Dykman, T.R., et al., 
1985, J. Immunol. 134:1787). These differences 
apparently represent variations in the polypeptide chain 
of call, rather than glycosylation state, because they 
were not abolished by treatment of purified receptor 
protein with endoglycosidase P (Wong, W.W. , et al., 1983, 
J. Clin, invest. 72:685), and they were observed when 
receptor allotypes were biosynthesized in the presence of 
the glycosylation inhibitor tunicamycin (Lublin, D.M. , et 
al., 1986, J. Biol. Chem. 261:5736). All four call 
allotypes have C3b-binding activity (Dykman, T.R. , et 
al., 1983, Proc. Natl. Acad. Sci. U.S.A. 80: 1698; Wong, 
W.W., et al., 1983, j. ciin. Invest. 72:685; Dykman, 
T.R., et al., 1984, J. Exp. Med., 159:691; Dykman, T.R. , 
et al., 1985, J. Immunol. 134:1787). There are four LHRs 
in the F (or A) allotype of -250 kD, termed LHR-A, -B, - 
C, and -D, respectively, 5' to 3' (Wong, et al., 1989, J. 
Exp. Med. 169:847). while the first two SC3ls in LHR-A 
determine its ability to bind C4b, the corresponding 



WO 94/17822 - — . „ 

PCT/US94/01405 



units in LHR-B and -C determine their higher affinities 
for C3b. The larger S (or B) allotype of -290 kd has a 
fifth LHR that is a chimera of the 5' half of LHR-B and 
the 3' half of LHR-A and is predicted to contain a third 
5 C3b binding site (Wong, et al., 1989, J. Exp. Med. 

169:847). The smallest F' (or C) allotype of CRl of -210 
,kD, found in increased incidence in patients with SLE and 
associated with patients in multiple lupus families 
(Dykman, et al., 1984, J. Exp. Med. 159:691; Van Dyne, et 
10 al., 1987, Clin. Exp. Immunol. 68:570), may have resulted 
from the deletion of one LHR and may be impaired in its 
capacity to bind efficiently to immune complexes coated 
with complement fragments. 

A naturally occurring soluble form of CRl has 
15 been identified in the plasma of normal individuals and 
certain individuals with SLE (Yoon, et al., 1985 J. 
Immunol. 134:3332-3338). its structural and functional 
characteristics are similar to those of erythrocyte (cell 
surface) CRl, both structurally and functionally. 
Hourcade, et al. (1988, J. Exp. Med. 168:1255-1270) also 
observed an alternative polyadenylation site in the human 
CRl transcriptional unit that was predicted to produce a 
secreted form of CRl containing C4b binding domain. 

Several soluble fragments of CRl have also been 
generated via recombinant DNA procedures by eliminating 
the transmembrane region from the DNAs being expressed 
(Fearon, et al., Intl. Patent Publ. WO 89/09220, October 
5, 1989; Fearon, et al., Intl. Patent Publ. WO 91/05047, 
April 18, 1991). The soluble CRl fragments were 
30 functionally active, bound C3b and/or C4b and 

demonstrated factor I cof actor activity, depending upon 
the regions they contained. Such constructs inhibited in 
vitro the consequences of complement activation such as 
neutrophil oxidative burst, complement mediated 
35 hemolysis, and C3a and C5a production. A soluble 
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construct sCRl/pBSCRic, also demonstrated in vivo 
activity in a reversed passive Arthus reaction (Fearon, 
et al., 1989, supra; Fearon, et al., 1991, supra; Yen, et 
al., 1991 supra), suppressed post ischemic myocardial 
5 inflammation and necrosis (Fearon, et al. , 1989, supra; 

Fearon, et al. , 1991, supra; Weismen, et al., 1990, 
Science, 249:146-151) and extended survival rates 
following transplantation (Pruitt and Bollinger, 1991, j. 
Surg. Res. 50: 350; Pruitt, et al. , 1991, Transplantation 
10 52:868). 

CR2. Complement receptor type 2 (CR2, CD21) is 
a transmembrane phosphoprotein consisting of an 
extracellular domain which is comprised of 15 or 16 
SCR's, a 24 amino acid transmembrane region, and a 34 
amino acid cytoplasmic domain (Moore, et al., 1987, Proc. 
Natl. Acad. sci. U.S.A. 84:9194-9198; Weis, et al., 1988, 
J. Exp. Med. 167:1047-1066. Electron microscopic studies 
of soluble recombinant CR2 have shown that, like call, it 
is an extended, highly flexible molecule with an 
estimated contour length of 39.6 nanometers by 3.2 
nanometers, in which each SCR appears as a ringlet 2.4 
nanometers in length (Moore, et al., 1989, J. Biol. Chem. 
34:20576-20582) . 

By means of recombinant DNA experiments with 
eukaryotic expression vectors expressing deletion or 
substitution mutants of CR2 in COS cells, the ligand 
binding sites of CR2 have been localized to the two N- 
terminal SCR's of the molecule (Lowell, et al., 1989, J. 
Exp. Med. 170:1931-1946). Binding by cell surface CR2 of 
the multivalent forms of C3 ligands such as iC3b and C3dg 
causes activation of B-cells (Melchers, et al., 1985, 
Nature, 317:264-267; Bohnsack, et al., 1988, J. Immunol. 
141:457-463; Carter, et al., 1988, J. Immunol. 143:1755- 
1760) . 
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A form of recombinant soluble CR2 has been 
produced (Moore, et al., 1989, J. Biol. Chem. 264:20576- 
20582) . in analogy to the soluble CRl system, soluble 
CR2 was produced in a recombinant system from an 
expression vector containing the entire extracellular 
domain of the receptor, but without the transmembrane and 
cytoplasmic domains. This recombinant CR2 is reported to 
bind to C3dg in a 1:1 complex with Kd equal to 27.5 mM 
and to bind to the Epstein-Barr proteins gp350/220 in a 
l:l complex with Kd=3.2 nM (Moore, et al., 1989, J. viol. 
Chem. 264:20576-20582). 

CR3. A third complement receptor, CR3, also 
binds iC3b. Binding of iC3b to CR3 promotes the 
adherence of neutrophils to complement-activating 
endothelial cells during inflammation (Marks, et al., 
1989, Nature 339:314). CR3 is also involved in 
phagocytosis, where particles coated with iC3b are 
engulfed by neutrophils or by macrophages (Wright, et 
al., 1982, J. Exp. Med. 156:1149; Wright, et al., 1983, 
20 J. Exp. Med. 158:1338). 

CR4. CR4 (CDll) also appears to be involved in 
leukocyte adhesion (Kishimoto, et al. , 1989, Adv. 
Immunol. 46:149-82). 

25 2 * 3 ' ABNORMALITIES OF P R1 IN HT1MAN DTSEASK 

Diminished expression of CRl on erythrocytes of 
patients with systemic lupus erythematosus (SLE) has been 
reported by investigators from several geographic 
regions, including Japan (Miyakawa, et al., 1981, Lancet 

30 2:493-497; Minota, et al., 1984, Arthr. Rheum. 27:1329- 

1335), the United States (Iida, et al., 1982, J. Exp. 
Med. 155:1427-1438; Wilson, et al., 1982, N. Engl. J. 
Med. 307:981-986) and Europe (Walport, et al., 1985, 
Clin. Exp. Immunol. 59:547; Jouvin, et al. , 1986, 
35 Complement 3:88-96; Holme, et al., 1986, Clin. Exp. 
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Immunol. 63:41-48). CRl number has also been found to 
correlate inversely with serum levels of immune 
complexes, with serum levels of C3d, and with the amounts 
of erythrocyte-bound C3dg, perhaps reflecting uptake of 
complement-activating immune complexes and deposition on 
the erythrocyte as an "innocent bystander- (Ross, et al., 
1985, J. Immunol. 135:2005-2014; Holme, et al., 1986, 
Clin. Exp. Immunol. 63:41-48; Walport, et al. , 1985,' 
Clin. Exp. Immunol. 59:547). 

Abnormalities of complement receptor expression 
in SLE are not limited to erythrocyte CRl. Relative 
deficiencies of total cellular CRl of neutrophils and 
plasma membrane CRl of B lymphocytes of the SLE patients 
have been shown to occur (Wilson, et al. , 1986, Arthr. 
15 Rheum. 29:739747). 

The relative loss of CRl from erythrocytes has 
also been observed in patients with Human 
Immunodeficiency Virus (HIV) infections (Tausk, F.A., et 
al., 1986, J. Clin. Invest. 78:977-982)^ and with 
20 lepromatous leprosy (Tausk, F.A. , et al. , 1985, J. 

Invest. Dermat. 85:58s-61s). 

Complement activation has also been associated 
with disease states involving inflammation. The 
intestinal inflammation of Crohn's disease is 
25 characterized by the lymphoid ihf iltration of mononuclear 

and polymorphonuclear leukocytes, it was found recently 
(Ahrenstedt, et al., 1990, New Engl. J. Med. 322:1345-9) 
that the complement C4 concentration in the jejunal fluid 
of Crohn's disease patients increased compared to normal 
30 controls. Other disease states implicating the 

complement system in inflammation include thermal injury 
(burns, frostbite) (Gelfand, et al., 1982, J. Clin. 
Invest. 70:1170; Demling, et al., 1989, Surgery 106:52- 
9), hemodialysis (Deppisch, et al., 1990, Kidney Inst. 
35 37:696-706; Kojima, et al., 1989, Nippon Jenzo Gakkai Shi 
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31:91-7), and post pump syndrome in cardiopulmonary 
bypass (Chenoweth, et al., i 98 l, complement Inflamm. 
3:152-165; Chenoweth, et al., 1986, Complement 3:152-165- 
Salama, et al., 1988, N. Engl. J. Med. 318:408-14). Both 
5 complement and leukocytes are reported to be implicated 

in the pathogenesis of adult respiratory distress 
syndrome (Zilow, et al., 1990, clin Exp. Immunol. 79:151- 
57, Langlois, et al., i 989/ Heart Lung 18:71-84) 
Activation of the complement system is suggested'to be 
10 involved in the development of fatal complication in 
sepsis (Hack, et al., i 989 , Am. J. Med . 86:20-26) and 
causes tissue injury in animal models of autoimmune 
diseases such as immune complex-induced vasculitis 
(Cochrane, 1984, Springer Seminar Immunopathol . 7:263), 

l ™*TT phritis (couser et al - 1985 - Kid -y 

29 8 79 ), hemolytic anemia (Schreiber and Prank, 1972, J. 

1978* TTt' 51!575K ayaSthenia 9r~is ( L ennon, et al., 
1978, J. Exp. Med. 147:973; Biesecker and Gomez, 1989, J. 

- ZZt'lT 54) ' ^ " C ° lla ^- i — d arthritis 

(Watson and Townes, i 985 , j. E xp. Med. 162:1878), and 

(Zec^r" 1 / 1 , 1 ^ 0 ^ hyPS — te -nograft rejection 
(Knechtle, et al., 1985, J. Heart Transplant 4(5). -541; 
Guttman, 1974, Transplantation 17:383; Adachi, et al., 

25 h TranS " Pr ° C * 19(1 > :1145 >- Complement activation 

during immunotherapy with recombinant IL-2 appears to 
cause the severe toxicity and side effects observed from 
IL-2 treatment (This, et al., i 990 , j. Imnunol . 
144:2419). 

Complement may also play a role in diseases 
xnvolvxng immune complexes, immune complexes are found 
in many pathological states including but not limited to 
autoimmune diseases such as rheumatoid arthritis or SLE, 
hematologic malignancies such as AIDS (Taylor, et al. 
1983, Arthritis Rheum. 26:736-44; Inada, et al., 1986,' 
AIDS Research 2:235-247) and disorders involving 



-9- 



WO 94/17822 




PCT7US94/01405 



10 



30 



autoantibodies and/ or complement activation (Ross, et 
al., 1985, J. Immunol. 135:2005-14). 

Soluble CR1 has been successfully used to 
inhibit complement activation in a number of animal 
models: Moat, B.P., et al., 1992, Amer. Review of 
Respiratory disease 145:A845; Mulligan, M.S., et al., 
1992, J. Immunol. 148:1479-1485; Yeh, C.G. et. al., 1991, 
J. Immunol. 146 250-256; Weisman, et al. , 1990, Science 
249:146-51; Pruitt, et al. , 1991, Transplantation 
52(5) :868-73; Pruitt and Bollinger, 1991, J. Surg. Res. 
50:350-55; Rabinovici, et al., 1992, J. Immunol. 149:1744- 
50. 

Studies of Weisman et al (1990, Science 
249:146-151) have demonstrated that sCRl can prevent 90% 
15 of the generation of C3a and C5a in human serum activated 

by the yeast cell wall component zymosan. Weisman, et 
al. (1990, supra) also utilized sCRl in the rat to 
inhibit complement activation and reduce the damage due 
to myocardial infarction. sCRl also appears to inhibit 
the complement dependent process of the reverse Arthus 
reaction (Yeh, et al., 1991, J. immune. 146:250-256), and 
hyperacute xenograft rejection (Pruitt, et al., 1991, 
Transplantation 52:868-873). Recent data (Moat, et al., 
1992, Amer. Rev. Respiratory Disease 145:A845) indicate 
that sCRl is of value in preventing complement activation 
in an experimental model of cardiopulmonary bypass in the 
pig, a situation where complement activation has been 
demonstrated. 

Currently, parenteral administration via 
intravenous, intramuscular or subcutaneous injection is 
the preferred route of administration to animals, and has 
been the only practical way to deliver therapeutically 
effective amounts of sCRl systemically. 
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Several models have been used to study the role 
of complement in acute inflammatory injury (Mulligan, M . 
S., et al., 1992, j. Immunol., 148:1479-1485). 
intrapulmonary deposition of either i gG or i gA immune 
complexes in rats leads to acute lung injury with damage 
to both vascular endothelial as well as alveolar 
epithelial cells (Mulligan, M.S., et al., 1992, J. 
Immunol., 148:3086-3092). Experimental models 'suggest 
that an immune-complex induced lung injury, complement is 
necessary for the full development of injury (Mulligan 
M.S., 1992 supra), complement inhibition results in ' 
decreased severity of remote pulmonary injury caused by 
intestinal ischemia (Hill, et al., 1992, j. Immunol. 
149:5, 1723-1728). 

Smoke inhalation injury is a significant 
comorbid factor in major thermal burn trauma. Noxious 
chemicals generated in incomplete combustion not only 
directly injure the exposed airways, but also may 
activate chemotactic factors which could result in 
leukocyte activation and prostanoid production. 
Activated polymorphonuclear leukocytes are considered as 
significant effectors in the progressive airway 
inflammation following smoke inhalation (Basadre, et al 
1988, Surg. 104:208-215). The airway damage with 
subsequent pulmonary edema worsens oxygenation in the 
lung and increases the susceptibility to pulmonary 
infection, which enhances morbidity and mortality 
Though physiologic changes following cigarette smoking 
have been suggested to depend on complement activation 
(Robbins et al, 1991, Am. j. Physiol. 260:1,254-9- 
Kobayashi, et al., i 98 8, Arch. Env. Health 43:371-4; Kew, 
et al., 1987, Clin, Immunol. Immunopath. 43:73-81), the 
role of complement activation in smoke inhalation injury 
has not been clarified. Moreover, a previous study has 
shown that pretreatment with cobra venom factors did not 
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alleviate lung injury following smoke inhalation, and 
compromised the defense mechanism of the lung in an ovine 
model (Shimazu, et al. , 1988, U.S. Army Inst, for Lung. 
Res. Ann. Res. progress Report for FY 1988, pp. 276-87) 
Cobra venom factors, which activate and deplete 
complement, also induced transient hypoxemia and 
pulmonary hypertension. 

Studies investigating complement system 
activation have been hampered by the lack of the 
appropriate tools to manipulate the complement system. 
Numerous studies in the past have utilized the reagent 
Cobra Venom Factor (CVF) to activate the complement 
system and in this manner deplete an animal of intact 
complement components and render the complement system 
inoperative. However, in. the process of depleting the 
complement system with CVF, massive activation of the 
system occurs, accompanied by the elaboration of all of 
the biologically active products of complement system 
activation such as C3b, the anaphylatoxins C3a and C5a 
and the Membrane Attack Complex (Goldstein, "Complement: 
biologically active products" in Inflammation, Basic 
Principles and Clinical Correlates, 2nd Ed., Galin, et 
al. (eds.), Raven Press: New York, 1992) . The data 
from such experiments are unreliable since the observed 
effects may be due to the prior activation of the 
complement system rather than the fact that the 
complement system was inoperative. Therefore 
interpretation of these experiments with CVF is 
uncertain, and there is no reliable way to evaluate the 
role of complement in the aforementioned models, or in 
other conditions, such as anaphylaxis. 

2 * 5 ' AEROSOTiTZATTOW OF PT>n ^ TW thttp a p'etttt p a^ts 
Recently some attention has been directed to 
the delivery of protein and peptide drugs through 
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noninvasive routes such as intranasal, gastrointestinal 

or rectal absorption (Lee, V.H.L., 1988 Crit. Rev. Ther 

Drug Carrier Syst. , 5:69; Lee, V.H.L., 1990, J. 

Controlled Release, 13:213; Lee v h t. ' m « 

_ . . ' A»ee, v.m.l., Ed. > Peptide and 

Protein Drug Delivery, Marcel Dekker, New York 1991; De 
Boer, A.G., et al., 1990, J. Controlled Release 13:241) 
Some studies have specifically focused on the fate of 
proteins delivered through the pulmonary route or during 
transit through the pulmonary circulation (Gillespie 
M.N., et al., 1985, J. Pharm. Ther. 232:675; Br a ley, 'et 
al., 1978, j. Immunol. 121:926-929; Braley, et al., 1979 
J. Clinical invest. 63:1103-1109; Dansen, et al., 1979 ' 
Chest 75(2 Supt.):276-278,) Willoughby and Willoughby,' 
1977, J. Immunol 119:2137-2146; Willoughby, et al., 1979, 
Lab. invest. 40:399-414; and Shenkin, et al., 1980, J. 
Immunol. 124: 1763-1772). 

in part, these studies in the area of pulmonary 
delivery of proteins have lead to the development of 
formulations for liquid aerosols to deliver larger 
bioative proteins via nebulization (Hubbard, r.c, et 
al., 1989, Annals, int. Med., 111:206; Oeswein, J. and 
Patteon, J. , 1990, Aerosolization of Proteins, 
Proceedings of Symposium on Respiratory Drug Delivery II 
Keystone Co.; Debs, r.j., e t al., 19 88, J . Immunol. 
140:3482). For instance, recombinant human growth factor 
has been delivered via a nebulizer to rats and 

bioavailability assessed by measurement of growth rate 
(Oeswein, 1990, supra). Hubbard, et al., supr^ showed 

that pulmonary delivery of a-antitrypsin is effective to 

achieve access to the systemic circulation. 

Additionally, aerosol inhalation to delivery insulin has 

been reported to be an effective therapeutic formulation 

for diabetes mellitus (Wigley, p.m., 1971, Diabetes 

20:552) . 
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Citation or identification of any reference in 
section 2 of this application shall not be construed as 
an admission that such reference is available as prior 
art to the present invention. 

3 - SUMMARY QF THB TMVEWTJ QW 

The present invention relates to pulmonary 
administration of a complement inhibitory protein by 
inhalation for the therapeutic treatment of diseases or 
disorders involving complement. More particularly, the 
invention is directed to pulmonary administration of 
complement receptor l (C R1) by inhalation. Thus, the 
present invention provides an aerosol formulation 
comprising an amount of a complement inhibitory protein 
and more particularly a CRl protein, effective to inhibit 
complement and a dispersant. m one embodiment, the 
complement inhibitory protein, or more particularly, the 
CRl protein, can be provided in a liquid aerosol 
formulation. Alternatively, the complement inhibitory 
protein, or more particularly, the CRl protein, can be 
provided as a dry powder aerosol formulation, in a 
preferred embodiment, the CRl is soluble CRl (sCRi) . 

The term "complement inhibitory protein" as 
used herein includes fragments, derivatives and analogs 
of such complement inhibitory proteins as are known in 
the art, provided such fragments, derivatives or analogs 
have complement inhibitory activity. 

Furthermore, the present invention is directed 
to a method for treating a systemic disease or disorder 
involving complement comprising pulmonary administration 
of an amount of a complement inhibitory protein effective 
to inhibit systemic complement activity to a subject 
suffering from a disease or disorder involving 
complement. The present invention further provides a 
method for treating a lung disease or lung disorder 
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involving complement comprising pulmonary administration 
of an amount of a complement inhibitory protein effective 
to inhibit complement activity to a subject suffering 
from the lung disease or lung disorder involving 
complement:. 

The present invention further provides a method 
for treating anaphylaxis comprising administering an 
amount of a complement inhibitory protein effective to 
inhibit complement activity to a subject suffering 
anaphylaxis. m one embodiment, the administration of 
the complement inhibitory protein can be parenteral. 
More preferably, the administration of the complement 
inhibitory protein can be pulmonary. Pulmonary 
administration is particularly indicated for treatment of 
bronchoconstriction associated with anaphylaxis. 

The present invention still further provides a 
method for treating bronchoconstriction comprising 
administering an amount of a complement inhibitory 
protein effective to inhibit complement activity to a 
subject suffering bronchoconstriction. in one 
embodiment, the administration of the complement 
inhibitory protein can be parenteral. More preferably 
the administration of the complement inhibitory protein 
can be pulmonary. Pulmonary administration is 
particularly indicated for treatment of 
bronchoconstriction associated with anaphylaxis, asthma, 
or other lung irritation or insult. 

The present invention is based on the important 
and surprising discovery that a complement inhibitory 
30 protein administered to a subject can modulate 

complement-related effects of a disorder or disease 
involving the lung. This discovery led to recognition 
that pulmonary administration of a complement inhibitory 
protein, i.e., administration directly to the lung, can 
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result: 1„ beneficial effects in the extravascular space 
as well as systemic effects. 

The present invention is further based in part 
on the discovery that complement activation is involved 
in anaphylaxis, and the anaphylactic symptoms of 
bronchoconstriction and blood pressure changes 
(hypotension) . 

It is yet another discovery of the present 
invention that a complement inhibitory protein can 
attenuate or prevent bronchoconstriction. 

is that 4 h r^ lGUlar adVanta * e of the P^sent invention 
is that inhalation therapy is convenient, because it does 

fat^T" COntr ° lled devices Such as syringes, and is 
fast and generally agreeable. Another advantage of the 
present invention is that the complement inhibitory 
protein can be self administered. This is important, 
since often a subject in need of complement inhibitory 
therapy is not near to trained medical personnel who 
could administer the complement inhibitory protein 
parenteral^, such situations occur, for example, in 
anaphylaxis due to antigen, and more particularly, 
allergen exposure; in industries with a likelihood of 
exposure to dusts and minerals such as silicon, coal 
dust, beryllium and asbestos; in industries or 
occupations with a likelihood of exposure to caustic 
dioxiT^.T 9aSS6S SUCh " Chlorine ' P^sgene, sulfur 

hvdro^' " SUlf±de ' nitr ° 9en di ° Xlde ' a **° nia « 

hydrochloric acid; and for firefighters who risk lung 

tissue damage from inhalation of smoke or hot air. 

It is a further advantage of the present 
invention that the subjects at risk for injury that 
involves the complement system can use the formulations 
of the present invention, which comprises complement 
inhibitory protein, preferably a C R1 protein, 
prophylactically. It is demonstrated in an example, 
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Mra f that prophylactic administration o* - 
inhibitory protein to a .„m k co »Plement 
. procein to a subject has no or minimal 

sub'ectT effeCtS ' ^ SUbStant -^ P-tects the 
sublet from complement-associated injury. 

The invention therefore provides for the 
rST£ T — tment of comprint 

"lated °* dl W. Particularly complement 

related diseases or disorders of the lung, with 
complement receptor proteins an n » Ml 
10 thereof. Proteins and analogues or derivatives 

In a particular embodiment, the present 
inventors have discovered that soluble complement 
receptor type l is effective is reducing tL 
bronchoconstriction, hypotension and decrease in 
15 cxrculating platelet count seen in anaphylaxis 

formula*! ThUS ' aCC ° rdin * to ««• present invention, 
formulatxons are provided which provide an effective 
noninvasive alternative to other parenteral routes of 
administration of scri n-n MS of 

10 proteins ~ k Delivery of complement receptor 

proteins can be accomplished in the lung via 
aerosol iza tion and subsequent inhalation. 

The invention can be practiced by usina a „v 
complement receptor protein * 9 y 

analo« *-h«*. , Protexn, or fragment, derivative or 

analog thereof, including soluble complement receptor, 
in a preferred embodiment of the present invention L 
complement inhibitory protein is «i. and more ' 
preferably, soluble CRl (sC Ri, . Most pre ferably the 
soluble crx prot ein has the characteristics of the 
protein expressed by a Chinese hamster ovary cell DUX Bli 
> carrying plasmid pBSCRl/DTcs«n* - * . 

ATCC and • pBSCR1 /P TCS 9Pt as deposited with the 
atcc and assigned accession number CRL 10052. 

4 * -BRIEF DESCPTPTTn^i ™ ^ r rnm r?c 

ova1h . PigUr ° ^ Effect <* 15 mg/kg sCRi on the 
ovalbumxn-xnduced changes in pulmonar compliance (A ,D) , 
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airway resistance (B, E) and systemic blood pressure (c,E) 
in passively (Experimental Group l; A-C) or actively 
(Experimental Group 2; D-P) sensitized guinea pigs. 
Ovalbumin was administered intravenously at time 0 at a 
5 dose of 176 M g/kg or 300 /xg/kg for passively sensitized 

and actively sensitized animals, respectively. Values 
represent the mean ± s.E. of the response in 4 to 5 
different animals pretreated with either PBS (vehicle) or 
sCRl. *p<o.05 over the time interval indicated. 
10 Figure 2. Effect of 15 mg/kg sCRl on 

ovalbumin-induced changes in circulating white blood 
cells (A,C) or platelets (B,D) in passively (Experimental 
Group i; a and B) or actively (Experimental Group 2; C 
and D) sensitized guinea pigs. Values represent the mean 
15 ± s.E. of determinations in 3 to 5 different animals. An 
asterisk (*) represents a statistically significant 
difference (p<0.05) in the antigen-induced change in 
circulating cells in sCRl treated animals compared to PBS 
(vehicle) treated animals. 
20 Figure 3. Effect of a cumulative dose of 105 

mg/kg sCRl on the ovalbumin-induced changes in pulmonary 
compliance (A) , airway resistance (B) and systemic blood 
pressure (C) in actively sensitized guinea pigs 
(Experimental Group 3) . Ovalbumin was administered 
25 intravenously at time 0 at a dose of 2 mg/kg. Values 

represent the mean + s.E. of the response to ovalbumin in 
9 animals pretreated with either PBS (vehicle) or sCRl. 
An asterisk (*) indicates *p<0.05 over the time interval 
indicated. 

30 Figure 4. Effect of sCRl and PBS (vehicle) on 

the change in blood pressure in actively sensitized, 
guinea pigs. Ovalbumin or bovine serum albumin was 
administered i.v. at time 0 at a dose of 2 mg/kg. A 
cumulative dose of 105 mg/kg sCRl or PBS (vehicle) was 
administered to guinea pigs challenged with either 
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ovalbumin or bovine serum albumin (Experimental Groups 3 
and 4, respectively). Values represent the mean + S.E. 
of data from 4 to 9 different animals. 

Figure 5. Effect of sCRl or PBS on ovalbumin 
5 or bovine serum albumin-induced changes in circulating 
platelets (A) or white blood cells (B) . Ovalbumin or 
bovine serum albumin was administered i.v. at time 0 at a 
dose of 2 mg/kg. a cumulative dose of 105 mg/kg sCRl or 
PBS was administered to guinea pigs challenged with 
10 either ovalbumin or bovine serum albumin (Experimental 

Groups 3 and 4 , respectively) . Values represent the mean 
± S.E. of determinations in 4 to 9 different animals. An 
asterisk (*) represents a statistically significant 
difference (p<0.05) in the ovalbumin-induced change in 
15 circulating cells in sCRl treated animals compared to PBS 
(vehicle) treated animals. 

Figure 6. Effect of a cumulative dose of 105 
mg/kg sCRl on the response of the guinea pig to histamine 
(Experimental Group 4). Values represent the mean ± S.E. 
20 of compliance (A) and resistance (B) determinations in 4 

animals, pretreated with either PBS (vehicle) or sCRl 
prior to bovine serum albumin challenge and evaluation of 
the histamine responsiveness. 

Figure 7. Effect of a cumulative dose of 105 
25 mg/kg sCRl on the response of the guinea pig to 

bradykinin (Experimental Group 4) . Values represent the 
mean + s.E of determinations in 4 animals, pretreated 
with either PBS (vehicle) or sCRl prior to bovine serum 
albumin challenge and evaluation of the responsiveness to 
30 histamine followed by bradykinin. 

Figure 8. Effect of a cumulative dose of 105 
mg/kg sCRl on C3 conversion in ovalbumin challenged 
guinea pigs. Data shown is from an sCRl and PBS 
(vehicle) treated guinea pig in Experimental Group 3. 
Animals were challenged with ovalbumin (2 mg/kg) at time 
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0. Yeast activated complement (YAC) served as a positive 
control. 

Figure 9. Plasma levels of sCRl in guinea pigs 
(Experimental Groups 3 and 4). Values represent the mean 
5 ± S.E. of 7 or 4 determinations in ovalbumin or bovine 

serum albumin challenged animals, respectively. sCRl was 
administered at -24 hr, -3 hr and -5 min and ovalbumin or 
bovine serum albumin at time 0. 

Figure 10. Cross section of a guinea pig 
10 trachea from a control animal following inhalation of 
nebulized saline solution (10 A) , or an experimental 
animal following inhalation of a nebulized saline 
solution containing 5 mg/ml sCRl (io B) for 7 minutes. 
sCRl was visualized by immunohistochemical staining using 
15 a rabbit polyclonal anti-sCRl antibody. sCRl is 

localized in the tracheal mucosa following inhalation and 
appears as a black stain on a grey background. 

Figure n. Cross section of a guinea pig lung 
from a control animal following inhalation of nebulized 
20 saline solution (11 A) , or an experimental animal 

following inhalation of a nebulized saline solution 
containing 5 mg/ml sCRl (n B) for 7 minutes. sCRl was 
visualized by immunohistochemical staining using a rabbit 
polyclonal anti-sCRl antibody. sCRl appears as a black 
25 stain on a gray background. sCRl was present in the lung 

and was deposited on bronchi and bronchioli, alveolar 
ducts and terminal alveoli. 

5 - PETATLRn DESCTTP TIOM OF THE TNVTgMTTOM 

The present invention relates to a method for 
treating diseases and disorders related to systemic 
complement activation by the administration of complement 
inhibitory proteins, or fragments, derivatives or analogs 
thereof, which complement inhibitory proteins have the 
effect of inhibiting at least one activity associated 
with complement activation, via the pulmonary route. The 
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invention further provides for the treatment of 
complement related lung disorders via the direct 
administration of complement inhibitory proteins to the 
airways. in specific embodiments , the invention provides 
for the treatment of complement related disorders by 
direct administration of soluble complement receptor 
protein to the lung via inhalation of sCRl. The 
invention also provides for the treatment of 
bronchoconstriction or anaphylaxis, or both, via 
administration of sCRl parenterally or by inhalation. 
The present inventors have discovered that 
administration of soluble complement receptor type 1 to 
actively sensitized guinea pigs results in an inhibition 
of antigen- induced decrease in dynamic lung compliance 
and increase in pulmonary vascular resistance. 
Administration of sCRl also shortens the hypertensive 
response to antigen challenge and eliminates the 
hypotensive response. Thus the present inventors have 
shown that complement is essential to the 
bronchoconstriction and changes in blood pressure 
associated with anaphylaxis. 

Furthermore, these studies demonstrate that 
important complement activation is occurring at 
extravascular sites, which are readily accessible to 
pulmonary administration of sCRl. The present inventors 
therefore provide for the direct administration of 
complement receptor proteins to the lung, which are an 
effective in treating both the local and systemic effects 
of inappropriate complement activation. 

In one embodiment, the present invention 
provides for the treatment of complement related lung 
disorders via the pulmonary route. Formulations are 
provided which are an effective noninvasive alternative 
to the systemic administration of sCRl. Delivery of 
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complement receptor proteins can be accomplished in the 
lung via aerosolization and subsequent inhalation. 

The invention can be practiced by using any 
complement receptor protein fragment or derivative 
thereof including soluble complement receptor. In a 
preferred embodiment of the present invention, the 
protein backbone of the sCRl contains the LHR-A, LHR-b, 
LHR-C, LHR-D, SCR29, and SCR30 regions up to and 
including the first alanine residue of the transmembrane 
region. In another embodiment of the present invention 
the sCRl protein described above lacks the LHR-A region. 

Thus the present invention provides therapeutic 
and prophylactic formulations of complement inhibitory 
proteins that are useful in the treatment of complement 
related diseases or disorders. The methods and 
formulations of the invention are described in detail 
below. 

As used herein, the term "pulmonary 
administration" refers to administration of a formulation 
of the invention through the lungs by inhalation. 

As used herein, the term "inhalation" refers to 
intake of air to the alveoli, in specific examples, 
intake can occur by self-administration of a formulation 
of the invention while inhaling, or by administration via 
a respirator, e.g., to an patient on a respirator. The 
term "inhalation" used with respect to a formulation of 
the invention is synonymous with "pulmonary 
administration . " 

As used herein, the term "parenteral" refers to 
introduction of a complement inhibitory protein into the 
body by other than the intestines, and in particular, 
intravenous (i.v. ), intraarterial (i.a.), intraperitoneal 
(i.p.), intramuscular (i.m.), intraventricular, and 
subcutaneous (s.c.) routes. 
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As used herein, the term "aerosol" refers to 
suspension in the air. In particular, aerosol refers to 
the particlization of a formulation of the invention and 
its suspension in the air. According to the present 
invention, an aerosol formulation is a formulation 
comprising a complement inhibitory protein that is 
suitable for aerosolization, i.e., particlization and 
suspension in the air, for inhalation or pulmonary 
administration. 

As used herein, the term "systemic" refers to a 
disease or disorder, or original site of injury distant 
to the lung or involving the entire body of the organism. 
The term "local" therefore is used herein with respect to 
the lung. 

A disease or disorder involving complement as 
used herein refers to a condition of inappropriate 
complement activation, e.g., resulting from an insult or 
injury. As used herein, the terms "disease" and 
"disorder" are used in their most general sense, and 
refer to any condition, illness, insult, injury, harm, 
pathological condition, or other term of art that implies 
a harmful or detrimental physiological condition. 
Generally complement activation accompanies or results 
from some other cause. Thus the present invention is 
25 directed to treatment or prophylaxis of the complement 

mediated component of a disease or disorder. 

For the sake of clarity, the present invention 
is described in detail in sections relating to complement 
inhibitory proteins, aerosol formulations, and methods 
30 for treatment and prophylaxis. 

5.1. COMPLEMENT INHIBITORY PROTEINS 

Complement inhibitory proteins within the scope 
of this invention include any protein which is able to 
35 bind to and inhibit the function of a complement protein 
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and inhibit complement activity. Such complement 
inhibitory proteins include but are not limited to: 
complement receptor type 1 (CRi) , which is the receptor 
for complement components C3b and C4b; complement 
5 receptor type 2 (CR2) , which is the receptor for C3d; 

complement receptor type 3 (CR3) , the receptor for iC3b; 
complement receptor type 4 (CR4) , which is specific to 
lC3b; complement receptor type 5 (CR5) , which is specific 
for the C3d portion of iC3b, C3dg, and C3d; the C5a 
10 receptor (C5a-R) ; and receptors for C3a and C4a. in a 

preferred aspect, the invention is also meant to include 
those members of the family of complement regulatory 
proteins that contain the conserved short consensus 
repeat (SCR) motif. SCR motifs are found in complement 
15 receptor type l and in several other C3/C4-binding 

proteins, most notably CR 2/ factor H/ C4-binding protein 
(C4-BP) , membrane cof actor protein (MCP) , and decay 
accelerating factor (DAP) . The genes for factor H, C4- 
BP, CR2 , and DAP map to a region on chromosome 1 which 
20 has been designated -regulators of complement activation- 
(RCA) (Hourcade, D. , et al. f 1989, Advances in Immunol., 
45:381-416). Particular analogs of these regulators of 
complement activation are found in Atkinson, et al., EPO 
publication no. 0 512 733 A2, published on November 11 
55 1992. ' 

It will be appreciated by one of skill in the 
art that the form of the complement receptor protein, its 
analog or derivative is important in achieving pulmonary 
delivery. The present invention includes those forms of 

0 the complement inhibitory protein that are readily 

absorbed by tissues, that are protected from rapid 
metabolism and/or that provide for prolonged half life. 
Those modifications of protein formulation which may 
effect absorption include but are not limited to use of a 

5 prodrug, chemical modification of the primary structure 
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incorporation of the protein in a liposome or other 
encapsulation material, and coadministration of the 
complement inhibitory protein with a chemical absorption 
enhancer (Wearley, L.L., 1991, Crit. Rev. in Ther. Drug 
Carrier Systems, 8(4): 333). In minimizing metabolism of 
the complement inhibitory protein and thereby increasing 
the effective amount of protein, such modifications may 
include chemical modifications as discussed supra, 
coadministration with an enzyme inhibitor, or covalent 
attachment to a polymer (Wearley, L.L., 1991, supra). 
Other modifications of proteins that can result in 
increased half-life or variations in absorbability 
include glycosylation, which can be affected by culture 
conditions in production of a recombinant protein (or 
avoided altogether by expression in bacteria) , or by 
chemical or enzymatic modification of a protein that has 
been synthesized or expressed. 

The present invention is particularly directed 
to the C3b/C4b receptor (CR1) protein. The CR1 gene and 
its encoded protein are provided for in International 
Patent Publication #WO 89/09220 published October 5, 1989 
and entitled "The human C3b/C4b receptor (CRl)". 

Once the CRl gene and its encoded protein are 
available any number of techniques known in the art can 
be used to modify the gene or its encoded protein. The 
invention is meant to include such CRl-related fragments, 
derivatives, and analogs. The CRl-related fragments, 
derivatives, and analogs for use in the formulations of 
the invention can be produced by various methods known in 
30 the art. The manipulations which result in their 

production can occur at the gene or protein level. For 
example, the cloned CRl gene can be modified by any of 
numerous strategies known in the art (Maniatis, T. , 1982, 
Molecular Cloning, a Laboratory Manual, Cold Spring 
35 Harbor Laboratory, Cold Spring Harbor, New York) . The CRl 
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sequence can be cleaved at appropriate sites with 
restriction endonuclease(s) , followed by further 
enzymatic modification if desired, isolated, and ligated 
in vitro, in the production of the gene encoding a 
5 derivative, analogue, or peptide related to CR1, care 

should be taken to ensure that the modified gene remains 
within the same translational reading frame as CRl, 
uninterrupted by translational stop signals, in the gene 
region where the desired CRl-specific activity is 
10 encoded. 

Additionally, the CRl gene can be mutated in 
vitro or in vivo, to create and/or destroy translation, 
initiation, and/or termination sequences, or to create 
variations in coding regions and/or form new restriction 
endonuclease sites or destroy preexisting ones, to 
facilitate further in vitro modification. Any technique 
for mutagenesis known in the art can be used, including 
but not limited to, in vitro site-directed mutagenesis 
(Hutchinson, c. , et al., 1978, J. Biol. chem. 253:6551), 
use of TABX linkers (Pharmacia), etc. 

Manipulations of the CRl sequence may also be 
made at the protein level. Any of numerous chemical 
modifications may be carried out by known techniques, 
including but not limited to specific chemical cleavage 
by cyanogen bromide, trypsin, chymotrypsin, papain, V8 
protease, NaBH4 ; acetylation, formylation, oxidation, 
reduction, metabolic synthesis in the presence of 
tunicamycin, etc. 

Specific modifications of the nucleotide 
sequence of CRl can be made by recombinant DNA procedures 
that result in sequences encoding a protein having 
multiple LHR-B sequences. See, e.g., International 
Patent Publication WO 91/05047, published April is, 1991. 
Such valency modifications alter the extent of C3b 
binding disorders associated with such functions, such as 
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immune or inflammatory disorders. For example, 
full-length CR1 or fragments thereof and related 
molecules which exhibit the desired activity can have 
therapeutic uses in the inhibition of complement by their 
ability to act as a factor I cofactor, promoting the 
irreversible inactivation of complement components C3b or 
C4b (Fearon, D.T. , 1979, Proc. Natl. Acad. Sci. U.S.A. 
76:5867; lida, K. and Nussenzweig, v., 1981, J Exp. Med. 
153:1138), and/or by the ability to inhibit the 
alternative or classical C3 or C5 convertases. 

Portions of the sequences of CR1 that contain 
specific well defined combinations of LHRs or SCRs can 
also be generated. The activities of these compounds can 
be predicted by choosing those portions of the full- 
length CRi molecules that contain a specific activity. 
The resulting fragments should contain at least one of 
the functions of the parent molecule. Such functions 
include but are not limited to binding of C3b and/or C4b, 
xn free or in complex forms, promotion of phagocytosis, 
complement regulation, immune stimulation, ability to act 
as a factor I cofactor, promoting the irreversible 
inactivation of complement components C3b or C4b, 
(Fearon, D.T. , 1979, Proc. Natl. Acad. Sci. U.S.A. 
76:5867; lida, K. and Nussenweig, V., 1981, J. Exp. Med. 
153:1138), effect immune complex clearance and/or by the 
ability to inhibit the alternative or classical C3 or C5 
convertases . 

In addition, analogues and peptides related to 
CRl can be chemically synthesized. For example, a peptide 
corresponding to a portion of CRl which mediates the 
desired activity (e.g., C3b and/or C4b binding, immune 
stimulation, complement regulation, etc.) can be 
synthesized by use of a peptide synthesizer. 

In a particular embodiment, nucleic acid 
sequences encoding a fusion protein, consisting of a 
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molecule comprising a portion of the CRl sequence plus a 
non-CRl sequence, can be produced. See, e.g., 
international Patent Publication No. wo 91/05047. Thus 
further modifications of CRl include the generation of 
chimeric molecules containing portions of the CRl LHR or 
SCR sequences attached to other molecules whose purpose 
18 t0 aff6Ct s <>l*>ility. Pharmacology or clearance of the 
resultant chimeras, such chimeras can be produced either 
at the gene level as fusion proteins or at the protein 
10 level as chemically produced derivatives. Chimeric 

molecules comprising portions of immunoglobulin chains 
can contain Fab or (Fab') 2 molecules, produced by 
proteolytic cleavage or by the introduction of a stop 
codon after the hinge region in the heavy chain to delete 
the F c region of a non-complement activating isotype in 
the immunoglobulin portion of the chimeric protein to 
provide F c receptor-mediated clearance of the complement 
activating complexes, other molecules that may be used 
to form chimeras include, but are not limited to 
20 proteins such as serum albumin, heparin, or 

immunoglobulin, polymers such as polyethylene glycol or 
polyoxyethylated polyols, or proteins modified to reduce 
antigenicity by, for example, derivatizing with 
polyethylene glycol. Suitable molecules are known in the 
art and are described, for example, in U.S. Patents 
4 ,745,180, 4,766,106 and 4,847,325 and references cited 
therein. Additional molecules that may be used to form 
derivatives of the biological compounds or fragments 
thereof include protein A or protein G (International 
0 Patent Publication WO 87/05631 published September 24 

1987 and entitled "Method and means for producing a 
protein having the same lg G specificity as protein G«; 
BDorck, et al., 1987, Mol. Immunol. 24: 1113-1122; Guss, 
et al., 1986, EMBO J. 5:1567-1575; Nygren, et al. , 1988, 
> J. Molecular Recognition 1:69-74). 
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The cri proteins may be isolated and purified 
by standard methods including chromatography (e.g., ion 
exchange, affinity, and sizing column chromatography 
hxgh performance liquid chromatography, , centrifugatxon 
differential solubility, or by any other standard 
technique for the purification of proteins, if th. 
complement receptor protein is exported by a cell that is 
producing it/ a particularly efficacious method for 
purification of the protein is as follows: the cell 
culture medium containing protein is subject to the 
sequential steps of a, cationic exchange chromatography, 
b) ammonium sulfate precipitation, c, hydrophobic 
interaction chromatography, d) anionic exchange 
chromatography, e , further cationic exchange 
chromatography and f) size exclusion chromatography. 

In a preferred embodiment, the instant 
invention relates to soluble cri molecules. As used 
th"™ term S ° 1Uble ^ »eans portions of 

the' cTli Pr0t : in WhiCh ^ eXPreSSi ° n « «* l-ct-^ 

^ 1 Z r r " menbrane Pr0teinS * *> * Particular 
example, CRI molecules which substantially lack the 

transmembrane region are soluble CRI molecules, m a 

specific embodiment of the invention, an expression 

ItlTtlT** C ° nStrUCted to ««*. a CRI molecule which 
lacks the transmembrane region (e.g., by deletion 
carboxyl-terminal to the arginine encoded by the most 
C-termxnal SCR), resulting in the production of a soluble 
CRI fragment, in one embodiment, such a fragment can 

corner T abil±ty t0 b±nd " b and/ ° r C4b ' in or in 

complex forms, m a particular embodiment, such a soluble 
CRI protein may no longer exhibit factor I cof actor 
activity. ^ 

bin^ 4 !° 1Uble C ° nStrUCts carrying some or all of the 
binding sites of CRi are also envisioned. Such 
constructs will inhibit activation of complement and the 



-29- 



WO 94/17822 

' PCT/US94/01405 



10 



15 



20 



25 



30 



35 



complement dependent activation of cells. For eXMpXe 
in a specific embodiment, a soluble CR1 molecule can be 
used which retains a desired functional activity .« as 
demonstrated, e.g., by the ability to inhibit classical 
complement-mediated hemolysis, classical C5a production 
«~"-" « -utrophil oxidative blT 
the !" e " b0dl » ent such * fragment can retain 

the fxrst alanine residue of the transmembrane region. 
In a preferred aspect of the invention, the soluble CR1 

byTc^" T - ^ P«tein expressed 

by a Chmese hamster ovary cell DUX Bll carrying plasmid 
PBscavpTcsgp, as wt-d wlth ^ atcc £ a lJ£™* 

accession number crl 10052. 9 

T * fUrther s P e <=i'ic embodiment a CR1 molecule 
can be produced that LCcs the LHR-A region of the ou 
molecule. To this end, an expression vector can be 
constructed to encode a 0*1 molecule which lades the 
transmembrane region and SCRs 1-7, resulting in the 
production of a soluble on fragment that would be 
expected to inhibit the alternative pathway 
preferentially. 

Soluble complement receptor type 1 fsCRll » n d 
Processes by which it can be prepared ar! disclosed T 

ZZTJZTJtT* PObUeati °" »° •»/».»« (October 5, 
1989) and WO 91/05047 (April 18, 1991). 

«™v . ° nCe ^ SOluble CR1 expression vector and gene 

product provided for above are ava n a M 

. " ove are available any number of 

The complement inhibitory proteins of the 
invention can be assayed by techniques known in the art 
in order to demonstrate their complement inhibiting 
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activity, such assays i„ c i ude but are not limited to , h 

ZTV" *~ ^ ability to il^t " 

complement activity or to selectively inhibit the 
generation of complement-derived peptides: 

(i) measurement of inhibition of complement- 

mediated lysis of red blood cells (hemolysis) 
(ix) measurement of ability to inhibit formation of 
C5a and C5a des Arg and/or measurement of 
ability to inhibit formation of C3a or C3a des 
Arg. 

a „,„ t . *" y °°»P la »«* inhibitory protein, or fragment 
derxvatxv. or analog thereof, in particular a cp.1 ' 
protein, that ha 8 any one of the activities associated 
with complement receptors is within the scope o, th^ 
application. Activities normally associated with 
complement receptor tvoe l *~ „ 

ar , . , _ * type 1 are well documented in the art 

and include but are not limited to those activities'^ 
-ssays described in International Patent Applied 
number PCT,u S89/ oi3SS, published October 5 ^ 

XT?" 0 ."* entitle,, — —» -/-^ 

eT: a l., 1990, Science 249:146-151- 
Pearon, D.T. and Mono w w tin » 

1:243; Fearon o T L ' ^ Immo1 - 

nda: ^"^/f r^- s - A - 

"3.113., KlicKstein et a!., 198 '' l[ ' ™£ ~- 
!«.».., Weiss, et ai., i 988 , Esp . ^ 11047 . 
1066; Koore, et al., i 987 , Proc. Natl. Acad, sci 
84:9194; Moore, et al, 1989 .t 

For ex»«ml~ . ' B1Cl * Chein - 2«4:20S-76). 

For example, for soluble CRI proteins, such activities 

o"i C dat a aMlitieS lB Vitr ° t0 *»"*" neutral 
oxxdatxye burst, to inhibit complement-mediated 

CoTaLl 3 ' l°, lnhlbit Md/0r C5a to bind 

C3b and/or C4b, to exhibit factor I cof.ctor activity 

and to xnhxbit C3 and/or C5 convertase activity 
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5.2. 



5 comprisinaT "T* lnVention ««-*-»l«t« formulations 
comprising a complement inhibitory protein for us. of a 
wide variety of device, that are designed for the 

^™^° f PharMCeUtlCal «-*> therapeutic 

formulations to the respiratory tract. The preferred 

10 Z l a *° lniStrati ° n ° f 0,8 P " Sent inventionTin 

«oteT , ° r ""^ f0r "- ™ e ~»P^ent inhibitory 
proteins of the present invention, combined with a 
dispersing agent, or dispersant, can be administered in 
an aerosol formulation as a dry powder or in a solution 
or suspension with a diluent. 

a aoent ™"? " dls P«™ant» refers to 

a agent that assists aerosolisation of the protein or 
absorption of the protein in lung tissue, or bo^? 
Preferably the dispersant is pharmaceutical^ actable 

20 hBrein ' <«" "P-armaceutically acUptan^ 

means approved by a regulatory agency of the Federal or a 
state government or listed in the D .s. Pharmacopeia or 
other generally recognized pharmacopeia for use in 
animals and more particularly in humans, suitable 

u are not United to surfactants and the like. For 
example, surfactants that are generally used in the art 
to reduce surface induced aggregation of the pro^in 

aerZl "T**""" " ^ liguid 
30 ZZIZZ ^ N ° nU » itin « — »**- <* such 

acid 1st "! SU " aCtants « Polyoxyethylene fatty 

fatty T alCOh ° 1S ' ^ *"*-*™«*~ -rbitan 

fatty acid esters. Amounts of surfactants used will 

ITL'"?' 3 9enSrally wlthin «» range or 0.001 and 4%' by 
weight of the formulation. l„ a specific aspect, the 
35 surfactant is polyoxyethylene sorbitan monooleate T 

sorbitan trioleate. Suitable surfactants are well known 
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Powder formulation, , ete (ln 8 *** 

*«ect, the quality^ th^Jt? therapeutic 

healthy lungs) and »L ' fe - 9 -' di «ased or 

* a na numerous o-fch***- . 

*ry rotations can comprise atdTJ ? ' « 
discussed further below ^"nai components, as 

Physiologically acce^abXe d "u«t I 8 "" 81 "* —* - 

aerosol formulations of It ™ a Powder 

- «nely aivi<1 e ^ ~* ^""ion "hsist of 

Protein and a dispersing Ige»t ^£1^"* 
or dry powder aerosol fl—V?; ttar 0,6 11 9 uid 

be aerosolized. T^ t fT^" ' **" £on » ul » tl °» — t 
liquid or .olio partLw < ""^ d °™ *■*•» 

aerosolized dose^u^ *° ""^ ^ tte 

general the £ss meo^ ^ alVe011 - In 

-icrometers « less " m "* 5 

Particles reach to! 1 ° " n " U ™ the «rug 

"•I. crit. R etl ^ -l. 
The term .aerosol partHie^ ~ 8!333 >- 

«>e liguia or sclif^r , "-"i" to 

administration i e 2\ SUitablS *° r »«— «Y 

considerati^s'su'h Is ! " "** ^ alVe °"- 
oevice, addition^ COnStrurt ion of the delivery 

Pulmonary ,a.inistr a t lon of a^T"'- ^ ^ «* 
art, and manipulation of ^ 
»eans and construction of H! n ' aerosoli «tion 

wn of a delivery device require at 
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With regard to construction of the delivery 
aevxce any form ot aer osolization known in the art 
xncludxng hut not limited to nebulization, atomiza^xon or 
pump aerosolization of a liould formulation. ^ 
aerosolx^ation of a dry powl er foliation, can be used 

" tte PMCtica oS «- invention. A delivery device ^at 
is unxguely designed for administration of solid 

f xia^ 10 " enVi8l ° ned - ° ften ' th « aerosolization o, 
prooeTl T " ^ PO " der *°™ ul »"°» "i" require a 
propellent. The propellent may be any propellent 
generally used in the art. specific Lulling examples 
of such useful propellents are a chlorof luoroc«bo^T 
hydrofluorocarbon. a hydochlorof luorocarbon, or T 
hydrocarbon, including triflouromethane, 
dxchiorodifluoromethane. dichlorotetrafluoroethanol, and 
l,i.l,2-tetrafluoroetha„e, or combinations thereof. 

devic. ,„ ^ " Preferre<1 as P«* °f the invention, the 
devxce for aerosolization is a metered dose inhaxer A 
metered dose inhaler provides a specific dosagt Z n 
admxnxstered, rather than a variable dose doping on 

w^terTli T 8 MtSred *~ can " red 

Me^r^ose innT " " ** ^ aaroso1 «°-ulation. 
Metered dose xnhalers are well known in the art 

the luna IT T' e ° lnplenent ^ibitory protein reaches 
effect number o, formulation-dependent factors 

Tn :«a«LT' ab r° rPtl ° n - " Wl " - appreciated that 
in treatxng a complement related disease or disorder that 
reguxres circulatory levels of the complement 
protexn, such factors as aerosol particle size, aerosol 

IZt di Pr6SenCe ° r ab8MOe «* Action, 

lung dxsease or emboli may affect the absorption of the 

protexn. Por each o, the formulations described her^n 

certaxn lubricators, absorption enhancers, protein 
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stabilizers or suspending agents may be appropriate. The 
choice of these additional agents will vary depending on 
the goal, it will be appreciated that in instances where 
local delivery of the complement inhibitory protein is 
5 desired or sought, such variables as absorption 

enhancement will be less critical. 

In a further embodiment, an aerosol formulation 
of the present invention can include other active 
ingredients in addition to the complement inhibitory 
10 protein. In a preferred embodiment, such active 

ingredients are those used for the treatment of lung 
disorders. For example, such additional active 
ingredients include, but are not limited to, 
bronchodilators, antihistamines, epinephrine, and the 
15 like, which are useful in the treatment of asthma. In 

another embodiment, the additional active ingredient can 
be an antibiotic, e.g., for the treatment of pneumonia. 
In a preferred embodiment, the antibiotic is pentamidine. 

In general, the complement inhibitory protein 
20 of the present invention, or the fragment or analog or 

derivative thereof is introduced into the subject in the 
aerosol form in an amount between O.oi mg per kg body 
weight of the mammal up to about 100 mg per kg body 
weight of said mammal. In a specific embodiment, the 
25 dosage is dosage per day. one of ordinary skill in the 

art can readily determine a volume or weight of aerosol 
corresponding to this dosage based on the concentration 
of complement inhibitory protein in an aerosol 
formulation of the invention; alternatively, one can 
prepare an aerosol formulation which with the appropriate 
dosage of complement inhibitory protein in the volume to 
be administered, as is readily appreciated by one of 
ordinary skill in the art. It is also clear that the 
dosage will be higher in the case of inhalation therapy 
for a systemic disease or disorder involving complement, 
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and lower for a lung disease or disorder involving 
complement, since the local concentration of complement 
inhibitory protein in the lung will be greater if the 
protein is administered to the lung, it is an advantage 
of the present invention that administration of a 
complement inhibitory protein directly to the lung allows 
use of a less complement inhibitory protein, thus 
limiting both cost and unwanted side effects. 

The formulation may be administered in a single 
dose or in multiple doses depending on the disease 
indication, it will be appreciated by one of skill in 
the art the exact amount of prophylactic or therapeutic 
formulation to be used will depend on the stage and 
severity of the disease, the physical condition of the 
subject, and a number of other factors. 

Systems of aerosol delivery, such as the 
pressurized metered dose inhaler and the dry powder 
inhaler are disclosed in Newman, S.P., Aerosols and the 
iungr, Clarke, s.w. and Davia, D. editors, pp. 197-22 and 
can be used in connection with the present invention. 

It is particularly contemplated that a liposome 
formulation may be especially effective for 
administration of a complement inhibitory protein by 
inhalation. This is particularly so where long term 
administration is desired (See Wearley, 1991, crit. Rev. 
in Ther. Drug Carrier Systems 8:333). 

5 * 2 * 1 * IilOPTD AERO SOT. FORMTTT .AfTn^Q 

The present invention provides aerosol 
formulations and dosage forms for use in treating 
subjects suffering from a complement related disease or 
disorder. In general such dosage forms contain one or 
more complement inhibitory proteins, or fragment, 
derivatives or analogs thereof in a pharmaceutically 
acceptable diluent. Pharmaceutically acceptable diluents 
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include but are not limited to sterile water, saline, 
buffered saline, dextrose solution, and the like, in a 
specific embodiment, a diluent that may be used in the 
present invention or the pharmaceutical formulation of 
5 the present invention is phosphate buffered saline, or a 
buffered saline solution generally between the pH 7.0-8.0 
range, or water. 

The liquid aerosol formulation of the present 
invention may include, as optional ingredients, 
10 pharmaceutically acceptable carriers, diluents, 

solubilizing or emulsifying agents, surfactants and 
excipients . 

The liquid aerosol formulations of the present 
invention will typically be used with a nebulizer. The 
15 nebulizer can be either compressed air driven or 

ultrasonic. Any nebulizer known in the art can be used 
in conjunction with the present invention such as but not 
limited to: Ultravent, Mallinckrodt, Inc. (St. Louis, 
MO) ; the Acorn II nebulizer (Marquest Medical Products, 
20 Englewood CO) . other nebulizers useful in conjunction 

with the present invention are described in U.S. Patent 
Nos. 4,624,251 issued November 25, 1986; 3,703,173 issued 
November 21, 1972; 3,561,444 issued February 9, 1971 and 
4,635,627 issued January 13, 1971. 

The formulation may include a carrier. The 
carrier is a macromolecule which is soluble in the 
circulatory system and which is physiologically 
acceptable where physiological acceptance means that 
those of skill in the art would accept injection of said 
carrier into a patient as part of a therapeutic regime. 
The carrier preferably is relatively stable in the 
circulatory system with an acceptable plasma half life 
for clearance. Such macromolecules include but are not 
limited to Soya lecithin, oleic acid and sorbitan 
35 trioleate, with sorbitan trioleate preferred. 
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The formulations of the present embodiment may 
also include other agents useful for protein 
stabilization or for the regulation of osmotic pressure. 
Examples of the agents include but are not limited to 
salts, such as sodium chloride, or potassium chloride, 
and carbohydrates, such as glucose, galactose or mannose, 
and the like. 

5.2.2. AEROSOT, DRY POWDER FORMTTIATTOMS 

It is also contemplated that the present 
pharmaceutical formulation will be used as a dry powder 
inhaler formulation comprising a finely divided powder 
form of the complement inhibitory protein and. a 
dispersant. The form of the complement inhibitory 
protein will generally be a lyophilized powder. 
Lyophilized forms of complement inhibitory proteins can 
be obtained through standard techniques. 

In another embodiment, the dry powder 
formulation will comprise a finely divided dry powder 
containing one or more complement inhibitory proteins, a 
dispersing agent and also a bulking agent. Bulking 
agents useful in conjunction with the present formulation 
include such agents as lactose, sorbitol, sucrose, or 
mannitol, in amounts that facilitate the dispersal of the 
powder from the device. 

5.3. PULMONARY THERAPY WITH COMPLEMENT 
INHIBITO RY PROTRTMS 

The complement inhibitory proteins of the 
invention are useful in the prophylactic or therapeutic 
treatment of complement mediated or complement related 
diseases or disorders in which pulmonary administration 
is desirable or in which the lungs are involved. The 
invention contemplates pulmonary administration of such 
amounts of the protein that are sufficient either to 
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achieve systemic delivery of a complement inhibitory 
amount of the protein, or such amounts that achieve only 
local delivery of a complement inhibitory amount of the 
protein to the lung. The invention further contemplates 
parenteral administration or pulmonary administration of 
a complement inhibitory protein for the treatment of 
bronchoconstriction or for the treatment of anaphylaxis 
(including bronchoconstriction associated with 
anaphylaxis) . it will be appreciated by one skilled in 
the art that goal of systemic or local delivery will 
depend on the indication being treated. 

What constitutes a therapeutically effective 
amount in a particular case will depend on a variety of 
factors within the knowledge of the skilled practitioner. 
Such factors include the physical condition of the 
subject being treated, the severity of the condition 
being treated, the disorder or disease being treated, and 
so forth, m general, any statistically significant 
attenuation of one or more symptoms associated with 
inappropriate complement activity constitutes treatment 
within the scope of the present invention. Based on the 
results with animals described below, it is anticipated 
that for most mammals, including humans the administered 
dose for pulmonary delivery will be about 0.01 mg/kg to 
25 100 mg/kg. 

It is contemplated that complement inhibitory 
proteins, or more preferably the formulations of the 
present invention, can be administered to a subject in 
need of prophylactic or therapeutic treatment. As used 
herein, the term "subject" refers to an animal, more 
preferably a mammal, and most preferably a human. 

5.3.1. PULMONARY ADMINISTRATION OF A COMPLEMENT 
INHIBITORY PROTETN FOR SYSTFMIC EFFECTS 
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It is envisioned that the complement inhibitory 
proteins will be delivered to achieve elevation of plasma 
levels of the protein to treat diseases or disorders that 
involve inappropriate complement activity, i.e., 
extrapulmonary indications. Diseases or disorders 
involving complement that require systemic or circulating 
levels of complement regulatory proteins are detailed in 
Section 2.2 supra and in Table I that follows. 

TABLE I 

Systemic Djseqses an^ pj,sprd«r* Involving r» nm m r t 



Neurologi cal Di snrrjore 

15 multiple sclerosis 

stroke 

Guillain Barre Syndrome 
traumatic brain injury 
Parkinson's Disease 



PWdersj>f TnappropriatP or Hn^i^vo- --^ -^ 

hemodialysis complications 
hyperacute allograft rejection 
25 xenograft rejection 

interleukin-2 induced toxicity during IL-2 therapy 

Inflammatory P isorde^ 

, n inflammation of autoimmune diseases 

30 Crohn's disease 

adult respiratory distress syndrome 
thermal injury including burns or frostbite 

POSt-Ischftmic RpnAr f usion ror^-i + ^c 

35 myocardial infarction ^ 

balloon angioplasty 

?enal P b^aIs ndr ° me cardio P ulmonar Y bypass or 
hemodialysis 
renal ischemia 



mesenteric artery reperfusion after aortic 
reconstruction 

Infectious Dis ease nr Sepsis 

. Immune Complex Disorders anri au t oimmune ni e » c ae 
rheumatoid arthritis 
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systemic lupus erythematosus (SLE) 
SLE nephritis ' 
proliferative nephritis 
glomerulonephritis 
hemolytic anemia 
myasthenia gravis 



In particular, those disorders with may be 
treated by the present route of administration are 
described in section 2.2 supra. In specific embodiments, 
disorders associated with extended zones of tissue 
destruction due to burn or myocardial infarct-induced 
trauma, and adult respiratory distress syndrome (ARDS) , 
also known as shock syndrome, can be treated by pulmonary 
administration of an effective amount of a complement 
inhibitory protein. 

An effective amount of soluble CR1 according to a 
preferred embodiment of the present invention for 
treatment of the disease of disorder is in the dose range 
of 0.01-100 mg/kg; preferably o.l-io mg/kg. As used 
herein, an effective amount of a complement inhibitory 
protein for treatment of a disease or disorder involving 
complement is an amount effective to inhibit complement 
activity systemically. An amount administered via the 
pulmonary route to achieve such circulating levels of 
soluble CRl is envisioned. The dose may be administered 
xn a single dosage via inhalation of the protein or in 
multiple doses. 

5 * 3 " 2 * -r^St^^ ADMINISTRATION OF A COMPLEMENT 
.INHIBITORY PROTFTM V n R IjOCAT. INFECTS 

In another embodiment of the present invention 
the complement inhibitory protein is delivered via the 
airways to treat diseases or disorders involving 
complement when such diseases or disorders are manifest 
by local injury to the lung. Such complement related 
diseases and disdrders are listed in Table II. 
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Table TT 

^ ^pq Disease ^ nW dftT . g r^^ ra 

dyspnea 
hemoptysis 
ARDS 
asthma - 

!2pSysLa bStrUCtiVe P ul —ry disease (copd, 
pulmonary embolisms and infarcts 
Pneumop i a 

infectious 
aspiration 

Pibrocrenin d»«i- fl< F - n , 

lnert lSSld a ?o. mi "?^ 1S includ *»9 but not 

asSes?os °* sillc °"* coal dust, beryllium, and 

Pulmonary f^ r ^,-. 
Organic dust *i a *>=*,~ 7 

Chero ical in-j n 
chlorine 
phosgene 
sulfur dioxide 
hydrogen sulfide 
nitrogen dioxide 
ammonia 

hydrochloric acid 
Smoke -in-jn^y 

Thermal ^-jv^y 
burn 
freeze 

Asthma 

allergy 

bronchoconstriction 

other causes of asthma, e.g., irritants 
Others 

hypersensitivity pneumonitis 
parasitic disease 
Goodpasture's Syndrome 
pulmonary vasculitis 

immune complex-associated inflammation 
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